The ecological evaluation of land aims at providing information that can be used to support decision making in nature conservation. It can be seen as the link between the science of ecology and the practice of land management. This paper presents a review of the approaches proposed in the literature to perform ecological evaluation, focusing in particular on the different objectives and criteria, as well as on the way in which they are assessed and on the use of relevant indicators. In addition, the paper proposes a survey on the shortcomings found in current applications. The main problems affecting the practice of ecological evaluation concern the structuring of the evaluation framework: objectives are often poorly defined and not clearly linked to the relevant criteria. In turn, the criteria show problems of correlation and are seldom assessed by means of explicit indicators. This clouds the overall results of the evaluation and undermines their practical use in planning-related procedures.
INTRODUCTION
Selecting and designating areas of land as nature reserves, allocating different land-use intensities within a nature reserve, assessing the magnitude of the impacts on ecosystems caused by a proposed development, and recommending the most ecologically friendly land corridor to host a new infrastructure are all activities to which ecologists are commonly asked to contribute. They all rely on the preliminary identification of different degrees of significance for conservation associated with the natural areas occurring within the region under analysis.
Nature conservation can be defined as the protection of the natural richness of a landscape. Such a richness consists of elements (soil, geomorphology, vegetation, flora, fauna) that are linked by natural processes [1] . The procedure of assessing the significance of an area for nature conservation is termed ecological evaluation [2] . Hence, the main objective of ecological evaluation is to provide criteria and information that can be used to support decision making in nature conservation. As such, ecological evaluation can be seen as the link between the science of ecology and the practice of land management.
By identifying the most ecologically valuable areas, planning and management practices can be applied so as to maintain the areas' value [3] . This involves, for example, the establishment of protected areas (wildlife reserves, biotopes, site of special scientific interest, etc.) or the identification of the least-damaging location for new industrial settlements.
Landscape ecology addresses the relationship between spatial patterns and ecological processes [4, 5] . As such, it can contribute to ecological evaluation by analysing the role played by the landscape structure and the spatial distribution of the ecosystems for the survival of species and the conservation of nature [6, 7, 8] . In principle, not all ecological evaluations are carried out through landscape-ecology methods and approaches. However, the potential role of landscape ecology in linking ecology with spatial planning and land-use management is increasingly recognized [9, 10] . This paper does not address the broad field and scientific literature of landscape ecology; it is limited to areas where this discipline plays a role in ecological evaluation, according to the framework set out in the following sections.
Generally, planning authorities undertake ecological evaluations to gain insights on the features of the land under their jurisdiction. In particular, ecological evaluation is used to complement other and more traditional methodologies for natural resources assessment, such as land evaluation and land capability classification [11, 12, 13] . These methodologies are biased toward production-related activities and aim at classifying the land mainly according to its potential rural or forestry use [14] . Having defined here the concept of ecological evaluation and its scope, the next section presents an overview of the main approaches that have been proposed in the literature to make ecological evaluation operational.
APPROACHES
According to the definition provided in the previous section, performing an ecological evaluation basically involves classifying the area under analysis into units characterized by different degrees of significance for nature conservation. This requires an evaluation framework to be previously set.
In particular, such a framework must specify the objectives of the evaluation, as well as the criteria used to express the degree of satisfaction of such objectives. It must also provide guidance on how to measure and assess each criterion with respect to its significance for nature conservation.
Setting up a suitable framework comes up as the main concern that emerges from the literature on ecological evaluation. Ever since the earliest studies in that field, scientists have attempted to enhance the theoretical definition of the criteria and to provide a rationale for using particular criteria and for guiding the criteria assessment [1, 2, 15, 16, 17, 18, 19, 20] . However, there is no methodology that is accepted as a standard for performing ecological evaluation. The following is a description of the main approaches found in the literature, and in particular of the objectives that they consider, the criteria they propose and the way in which the criteria are assessed.
Objectives of the evaluation
As stated, the general goal of ecological evaluations is the conservation of nature. However, nature conservation can be addressed by different standpoints, according to the perception of the relationship between human beings and nature. Consequently, the objective of the ecological evaluation depends upon why we want to conserve nature in the first place. With respect to this, two main objectives are found in the evaluation frameworks proposed in the literature:
• Objective 1: the maintenance of natural areas and their biological diversity per se.
• Objective 2: the maintenance of the social functions provided by natural areas (cultural, scientific, recreational, etc.).
Pursuing the first objective implies the assessment of ecological qualities only, such as biotic and abiotic features. On the contrary, the second objective considers the benefit to human society derived by the conservation of nature. This implies including characteristics such as the accessibility of a natural area or its aesthetic appeal in the assessment. Most evaluation frameworks address the two objectives at the same time. The objectives of the evaluation are actually rarely stated. However, they can be inferred by the criteria that have been selected.
According to decision theory, an objective represents the reason for action [21] . Therefore, objectives are used to define a desired state that we would like to achieve. On the other hand, in order to express the degree of satisfaction of a given objective, criteria are required. Both objectives and criteria are employed during the evaluation stage, ideally to set out a clear and transparent evaluation framework. The results of the evaluation are then to be applied during the planning and management stage, which represents the ultimate purpose of ecological evaluation.
Criteria
Every evaluation framework specifies the criteria to be used for the assessment of the relevance of natural areas. Criteria are employed to describe how an area satisfies the conservation objectives that have been set. A number of reviews on the criteria proposed in ecological evaluation can be found in the literature [15, 22, 23, 24] . Most of the criteria have been proposed in the 1970s and in the early 1980s, when the scientific production concerning ecological evaluation was particularly high. From the late 1980s, the main contribution to ecological evaluation was provided by the findings in the discipline of landscape ecology [25, 26, 27, 28] . Table 1 summarizes the criteria most frequently proposed for ecological evaluation. A description of such criteria follows, together with a brief rationale that justifies their use in ecological evaluation. However, there is some argument about both the definition and the rationale of several criteria. Most of the problems are due to the vagueness of some criteria (e.g. representativeness) and the correlation between criteria (e.g. fragility and size seem dependent on each other). Moreover, different interpretations of the criteria often occur when the ecological evaluation is applied to different types of problems (e.g. identifying new natural reserves versus assessing the impact of a proposed development) or in different landscapes (e.g. man-dominated landscapes versus pristine areas).
The description of all the possible meanings of the criteria and the way they have been applied in different situations goes beyond the scope of this paper. The main objective here is rather to provide an overview on how ecological evaluation is carried out in practice. The interested reader can find broader discussions about all the criteria in references [2, 15, 24] , and about some specific criteria in references [34, 35, 36, 37, 38] .
Criteria that relate to Objective 1 (i.e. the maintenance of natural areas and their biological diversity per se):
• Rarity: A measure of how frequently certain species or ecosystem types are encountered [39] . It can be meaningfully described only by referring to a scale of analysis (local, regional, etc.). Rarer species and ecosystems are more prone to extinction and therefore their conservation becomes a priority.
• Diversity: A measure of the number of different types of species or habitat types that exist in a given area. Species and habitat diversity are often correlated because habitats with high diversity in general provide niches for a higher number of species than homogeneous habitats. • Size: The measure of the extent of a natural area. It is relevant because, all other things being equal, larger sites tend to support more species and higher densities than smaller sites [39] .
• Naturalness: The degree to which an ecosystem is free from biophysical disturbance caused by human activities [16] . Operationally, it can be interpreted today as the proportion of spontaneous vegetation independently of whether it consists of juvenile or mature stages of the ecologic succession. The more natural, and therefore the less disturbed, the better. This is because the proximity to the natural conditions of a site influences the survival chances of the native flora and fauna. Additional reasons for assessing naturalness are tied to scientific considerations (undisturbed ecosystems are needed to set a reference for assessing the changes that affect disturbed ecosystems), as well as to emotional and recreational benefits [22] .
• Fragility: The degree of sensitivity of species or ecosystems to environmental changes [29] . The more fragile they are, the greater is the requirement for their protection. Fragility also relates to naturalness in that the conservation of fragile ecosystems requires the maintenance of a high degree of naturalness.
• Representativeness (or typicalness): A measure of how well a site reflects all the habitats that are expected to occur in that geographical region [39] . The more representative a site is of a region, the better. The rationale behind it is similar to the one for the diversity criterion: by protecting the most representative sites we are more likely to preserve the total species and habitat diversity of the region under consideration.
• Connectivity: A measure of how well the spatial distribution of the natural areas supports the interactions among them. Such interactions (nutrient flows, animal dispersal, etc.) in general allow the areas to sustain a higher number of species and higher population densities. Consequently, the higher the connectivity, the better.
Criteria that relate to Objective 2 (i.e. the maintenance of the social functions provided by natural areas):
• Educational value: A measure of the suitability for the educational use of a natural area. Such a suitability may be related to both its ecological features (that, in turn, may be related to criteria such as rarity or representativeness) and its accessibility (e.g. presence of roads, proximity to schools).
• Scientific value: The degree of interest of a natural area in terms of current or potential research.
It may also be related to the extent to which a site has been used for past research. Sites with good histories (e.g. description of ecosystems' dynamics in the past 50 years) are more valuable to science because they enhance our understanding of ecology [39] .
• Recreational value: A measure of the relevance of a natural area as a place to be visited or seen by the general public. It is assessed by considering its accessibility, visual attractiveness, facilities, etc.
In order to make the use of such criteria operational for evaluating the conservation relevance of a site it is necessary to establish guidelines for their measurement and assessment. However, this is complicated by the fact that, as mentioned before, the criteria are often poorly defined and correlated with each other. Consequently, the criterion assessment represents a particularly critical step, as discussed next.
Criterion assessment
The selection of criteria establishes the basis upon which the ecological evaluation is to be made. However, an evaluation framework also needs to specify how each criterion must be assessed. That is, how to relate the 'state' of a criterion with a level of significance for nature conservation.
This level of significance is expressed by value judgments that are generally based on numerical scales (e.g. the range between one and five) or linguistic scales (e.g. very good, good, poor).
Two main paths for criteria assessment can be distinguished (see Fig. 1 ):
1. the direct assessment; 2. the assessment based on the use of an indicator and on the subsequent transformation of the raw indicator measurements into value scores.
Path 1, i.e. the direct assessment, consists of the assignment of value judgments on the basis of the 'perceived' state of the criterion. This can be best explained by referring to some examples. In reference [40] it is proposed to assess the connectivity of the landscape elements by assigning value scores between 0 and 5 as shown in Table 2 . As it can be seen, the approach does not make use of a measurable indicator. It only provides a sketchy description of the conditions that generate the different value scores.
Guidelines on how to interpret such descriptions are not specified (e.g. what does 'slight connections' mean?). Another example is found in reference [17] and it is related to the assessment of the diversity of natural habitats. The author proposes the assignment of value scores ranging between 1 and 3 according to the conditions described in Table 3 . Here the approach suggests that diversity should be assessed by looking at the number of different habitats occurring in the area under investigation. However, the assessor is free to provide his/her own interpretation of terms such as 'very low number' or 'limited number'. Consequently, the assessment is unclear because it provides predefined value scores for undefined ecological conditions. Furthermore, Path 1 relies heavily on the subjective professional judgment of the assessor. Therefore, the assessments are not replicable: different assessors are likely to provide different evaluations of the same feature. Table 4 : Numerical value scores for habitat diversity [40] . The second approach for assessing criteria is more structured and requires the following two steps (see Path 2 in Fig. 1 ):
1. Defining how each criterion can be measured or expressed in a form that allows evaluation. This usually involves the measurement of specific indicators. 2. Transforming the raw measurements into value scores. This requires the interpretation of the significance of the raw measurement with respect to the evaluation objectives.
Let us see some examples. In reference [40] the diversity of the habitat is assessed by first measuring the diversity index proposed in reference [4] . This index expresses the extent to which one or few habitat types dominate the area under analysis, and nowadays it can be easily computed through a spatial analysis in a Geographical Information System (GIS) [41] . Afterwards, a value score is assigned to the different measurements according to the ranges shown in Table 4 .
Another example for assessing rarity is provided by the approach suggested in reference [42] . The rarity of a landscape unit is assessed by first counting its frequency of occurrence within the region of study and then assigning value scores as in Table 5 . A similar approach to assess rarity was applied in reference [43] , where the potential area remaining (PAR) indicator was computed using a GIS. PAR expresses the rarity of an ecosystem by measuring the ratio between its potential cover and the actual cover remaining in the study area. Subsequently, a functional curve was used to assign a score to each indicator value.
A major advantage of Path 2 is that it allows to keep 'facts' separate from 'values'. Facts refer to objective elements of the evaluation, whereas values refer to subjective ones. In Tables 4 and 5 the facts are listed in the left-hand column and the value judgments in the right-hand column. For instance, it is a fact that the diversity index of a given area is equal to 0.60, but it is a value judgment that such an area scores 3, in a range between 1 and 5. It is worth noting that the decision to use three classes (as in Table 4 ) or five classes (as in Table 5 ) is also arbitrary, therefore a value judgment.
The separation between facts and values is not explicit by following Path 1. As a result, Tables 2  and 3 contain value judgments in both columns. Keeping facts and values separate increases the transparency of the evaluation framework and the understanding of the evaluation results. In other words, it will be easier, in principle, to verify why a given value has been assigned to a given area. Analogously, the results of the evaluation are replicable, because the basis for the value assignment is not provided by the assessor's perspective but by objective information.
SHORTCOMINGS IN CURRENT PRACTICE AND CONCLUSIONS
One common problem is the lack of a clear statement of the objectives of the evaluation, as pointed out in references [15] and [20] . As a consequence, scientific criteria concerning the inherent biological value of a site are mixed up with criteria related to the services provided by that site or with management considerations. This generates confusion and ambiguity regarding the evaluation results because we simply do not know from which perspective the importance of the natural areas has been determined. For example, the presence of a road in the proximity of a natural area may represent an asset (it increases the accessibility to the site for, say, educational purposes) or a drawback (it is a source of disturbance). Both viewpoints are acceptable, provided that they are clearly stated and coherently followed throughout the evaluation.
Another shortcoming found in ecological evaluations is the correlation between pairs of criteria employed. Several among the most common criteria are not independent, causing double counting in the assessment of the overall significance of natural areas. For example, the complex correlation between size, diversity, rarity and typicalness has been discussed in reference [37] .
A third shortcoming is the fact that most criteria assessments tend to follow the approach indicated by Path 1 (see Fig. 1 ). This is probably because this approach can be set in a simpler way, for it does not require the identification of indicators. However, as discussed, this type of assessment carries the disadvantage of being non-replicable and poorly transparent. Yet, for some criteria, following Path 1 may be the only choice due to the objective difficulty in selecting a suitable indicator.
Complex and long debated concepts, such as the fragility of ecosystems [34] , appear hard to represent into measurable parameters. For this reason, it is generally preferred to evaluate them by resorting to the professional judgment of the assessor. In such cases, it is important to define the criterion under analysis with clarity and rigor and to provide extensive guidelines on how to assess it. Else, as it often happens [3] , the assessor has too much freedom and consequently the evaluation results are difficult to interpret.
In conclusion, the main problems affecting the practice of ecological evaluation concern the structuring of the evaluation framework: objectives are often poorly defined and not clearly linked to the relevant criteria. In turn, the criteria show problems of correlation and are seldom assessed by means of explicit indicators. This clouds the overall results of the evaluation and undermines their practical use in planning-related procedures such as environmental impact assessments.
The development of GIS technology has supported ecological evaluations by allowing a faster and more accurate computation of key indicators, such as ecosystem shape, connectivity and fragmentation [44, 45, 46, 47] . However, this improvement in the measurement and mapping of ecological parameters is to be integrated with a more structured and transparent framework for their assessment. This can be done by resorting to methods and techniques developed by the discipline of decision analysis, such as value functions [48, 49] . This knowledge is commonly exploited by other fields of environmental management (soil and water contamination, land-use and resource allocation, etc.), but it is still largely ignored by ecological evaluation studies.
